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Figure 2
Table 1 summarizes measurements of bone blood ﬂow, capillary
permeability and contrast kinetics with MRI and PET.
Conclusions: Techniques have been developed to non-invasively
assess spatially varying regions of capillary permeability, blood
ﬂow and contrast uptake in arthritic bone. We have seen spatially
localized changes in (kel) during disease progression with younger
animals in previous data. Average decreased relative blood ﬂow
(Ki) and bone turnover (SUV) were seen in the medial compared to
the lateral side with 18F-Fluoride PET imaging. However, signiﬁcant
asymmetrical changes were not observed in permeability, Akep or
kel between the medial and lateral tibial plateau for this single
time point of advanced OA suggesting that pathological lesions
of the bone observed in OA are associated with disturbances in
bone vascular perfusion. Development of non-invasive spatially
localized techniques that will aid in quantifying serial changes in
speciﬁc regions of perfusion abnormalities will be of clinical utility
in studying pathogenesis, and monitoring disease progression and
response to treatment.
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Purpose: The absence of a biomarker for detection and monitor-
ing of knee osteoarthritis (OA) is a fundamental obstacle to the
development of structure-modifying interventions. However, tibial
subchondral dual x-ray absorptiometry (tsDXA) has potential to
meet this need. DXA generates reproducible measures of knee
bone mineral density (BMD), involves low radiation, is easy to
operate, relatively inexpensive and widely available. Some tsDXA
measures reﬂect knee OA, may predict progression, and are re-
sponsive to reduction in mechanical loading. However, in addition
to requiring further validation, different formulations of the tibial
subchondral BMD (tsBMD) computation may reﬂect different pro-
cesses. Our objective was to contrast the associations of different
tsBMD computations with demographic covariates and structural
features of knee OA - medial joint space narrowing (JSN) and
knee alignment.
Methods: This was a cross-sectional analysis of right knee of
226 enrollees into the Osteoarthritis Initiative (OAI) Bone Ancillary
Study, who received standardized semiﬂexed knee radiography
and tsDXA. Medial JSN (0-2) and osteophytosis (0-1) was scored
on parent study (OAI) baseline images. A goniometer was used to
evaluate static alignment on OAI baseline physical exam. Normal
alignment was 0 degrees, valgus was <0 and varus was >0.
Knee and femoral neck DXAs were obtained at either the OAI 30
or 36 month follow-up visit. We computed tsBMD from the tibial
subchondral bone: absolute medial tibial BMD; medial tibial:lateral
tibial ratio; medial proximal tibial:medial tibial ratio.
Results: The mean age was 65.3 years (s.d. 9.0), 46.5% were
male, 73.5% White, mean BMI was 29.9 kg m-2 (s.d. 5.1); 25.7%
had varus deformity, 38.9% had radiographic medial tibiofemoral
JSN of grade 1 or 2 and 84.5% had osteophytosis.
The mean (s.d.) values for the tsBMD measures in the sample
were: absolute medial 1.16 (0.21); medial:lateral ratio 1.13 (s.d.
0.15); medial:medial ratio 1.14 (s.d. 0.04). The associations of the
tsBMD measures with structural features of OA and participant
characteristics are presented in the table.
All tsBMD measures were positively associated with the highest
grade of medial JSN, a hallmark of knee OA. Further, all tsBMD
measures were also associated with varus alignment. Higher
absolute medial BMD was associated with younger age, male
sex, greater BMI, and systemic BMD. Higher medial:lateral BMD
ratio was associated with male sex and white race. Higher me-
dial:medial BMD ratio was associated with older age, lower BMI,
and lower systemic BMD.
Associations of tsBMD
Absolute BMD BMD Ratios
Medial BMD (g/cm2) Medial:Lateral Medial:Medial
Beta p-value Beta p-value Beta p-value
Medial JSN grade 0
(Ref) – – – – – –
Medial JSN grade 1 0.05 0.1 0.09 <0.0001 0.02 0.002
Medial JSN grade 2 0.21 <0.0001 0.21 <0.0001 0.05 <0.0001
Varus 0.11 0.01 0.09 0.003 0.02 0.04
Normal (Ref) – – – – – –
Valgus 0.04 0.3 -0.04 0.1 0.009 0.2
Age -0.006 <0.0001 0.001 0.4 0.0007 0.009
Sex (Male) 0.18 <0.0001 0.05 0.02 0.004 0.4
Race (White) -0.01 0.7 0.06 0.01 0.006 0.3
BMI 0.02 <0.0001 0.002 0.4 -0.0009 0.05
Femoral Neck BMD 0.88 <0.0001 0.05 0.4 -0.04 0.01
Conclusions: Each measure of tsBMD is associated with me-
dial JSN and with varus malalignment, suggesting that these are
meaningful measures of knee OA. However, each is also asso-
ciated with a different established risk factor of knee OA in the
expected direction, absolute medial BMD with BMI, medial:lateral
ratio with White race, and medial:medial ratio with age, suggest-
ing that each measure might reﬂect a different process occurring
in medial tibiofemoral knee OA. Absolute medial BMD and the
medial:medial ratio are associated with systemic BMD in opposite
directions. Further work is needed to evaluate the longitudinal
relationships of these measures with knee OA risk factors and
with the development and progression of knee OA. Nevertheless,
these results indicate the promise of this technique as a biomarker
for knee OA.
